Moderate eects of pollution on health may exert an important inuence on labor market decisions. We exploit exogenous variation in pollution due to the closure of a large renery in Mexico City to understand how pollution impacts labor supply. The closure led to an 8 percent decline in pollution in the surrounding neighborhoods. We nd that a one percent increase in sulfur dioxide results in a 0.72 percent decrease in the hours worked. The eects do not appear to be driven by labor demand shocks nor dierential migration as a result of the closure in the areas located near the renery.
Introduction
In this paper, we estimate the relationship between pollution and labor supply in Mexico City.
High levels of pollution may cause temporary illness, which in turn may cause lost working hours.
Understanding the relationship between pollution and lost working hours is vital for assessing the benets of more stringent environmental regulation. This question is of particular importance for developing countries, which are often hesitant to impose tougher environmental regulations (or are lax about enforcing them) due to fears that they may lead to reductions in productivity and business growth. Furthermore, an understanding of the eects of pollution reduction on hours worked is necessary to design optimal pollution taxation policies (Schwartz and Repetto 2000, Williams 2003 ).
The eect of pollution on work hours is theoretically ambiguous. On one hand, if pollution damages the health of an individual and his or her dependents, reductions in pollution will decrease the disutility from work causing work hours to rise. In other words, with better air quality, individuals may be less likely to miss work because either they or their children are home sick.
1 However, there are also many reasons why reductions in pollution would not increase work hours. First, it is possible that the eect of pollution on adult health is not large enough to interfere with attendance at work, or that individuals already practice mitigating behaviors on high pollution days (such as staying indoors) to minimize illness.
2 Second, pollution may additionally aect the utility derived from the consumption of leisure and health-related goods. If individuals enjoy leisure more due to better health or individuals substitute away from consumption of health-related goods when pollution is reduced, they might adjust their hours of work downwards. If these eects are large enough, the overall eect of pollution on work hours may even be negative. Finally, improvements in worker productivity as a result of reduced pollution may increase wage earning potential, which would have ambiguous eects on the number of hours worked. 3 In light of these opposing theoretical impacts, the relationship between pollution and hours worked is ultimately an empirical question.
Our study estimates the short-run elasticity of work hours with respect to pollution. 2 We will discuss the evidence on the health eects of reneries in Section 3.
3 Crocker and Horst (1981) and Gra and Neidell (2011) both show empirically that changes in pollution are linked to increases in productivity for farm workers. Given our empirical strategy, we cannot isolate what fraction, if any, of the observed changes in hours worked can be explained by changes in productivity. Nonetheless, we will discuss the theoretical channel through which productivity changes may aect hours worked in Section 2. We also test for changes in observed wages in Section 5. 4 Pollution can also have long-run health impacts (e.g. by increasing the prevalence of lung or digestive diseases), which in turn reduce employment and hours worked. In this paper, we will be unable to look at long-run impacts, but we hope to pursue this in future work.
this eect is challenging due to the presence of confounding factors: for example, a decline in business activity may aect both pollution levels and employment patterns. 5 To overcome this problem, we exploit the exogenous variation in pollution that resulted from the closure of a large oil renery in the Mexico City Metropolitan Area (MCMA) in March of 1991. The closure was mandated to reduce the high levels of pollution experienced in MCMA during the 1980s. It successfully reduced pollution: neighborhoods located within a ve-kilometer radius to the renery experienced, on average, an eight percent reduction in sulfur dioxide (SO 2 ) relative to other neighborhoods. Using a xed eects strategy, we exploit these changes to understand whether pollution levels aected labor supply.
Specically, we compare the changes in labor supply for individuals who lived in neighborhoods located near the renery (that experienced a fall in pollution) with those who lived in neighborhoods far from the renery (that did not experience a fall).
We nd robust evidence that the renery closure led to increased hours of work. After the closure, the areas within 5 kilometers of the renery experienced about a 5 percent increase in hours worked, controlling for week xed eects and neighborhood xed eects. Using the renery closure as an instrument for pollution, we nd that a one percent increase in SO 2 results in about a 0.51 to 0.72 percent decrease in hours worked the following week. The results are robust to the inclusion of demographic controls and neighborhood specic year trends.
Our analysis rules out two sources of potential bias in these estimates. First, many pollution regulations have a direct eect on business conditions. 6 As such, it is dicult to disentangle the eect of reduced pollution on labor market activities from the direct eect of the regulations on the labor market. The renery closure presents a case where we can rule out the direct eect of the policy on the labor market. Theoretically, it is possible that the closure could have aected the labor market independently of health if there were a reduction in labor demand both from the renery itself and businesses located in the surrounding neighborhoods. If labor supply is upward sloping, this would cause wages to fall and unemployment to increase near the renery, leading us 5 Several studies (such as Pönka, 1990 ) have looked at the association between pollution and worker absenteeism, and have found that SO 2 levels are associated with illness-related absenteeism. 6 Recent papers, such as Walker (2011) , study the eect of environmental regulations that impose additional costs on polluting rms, which would have direct implications for the labor market. changes in wage in neighborhoods located near the renery after the closure, and we nd a small increase to no change in unemployment near the renery after the closure. Nonetheless, we estimate an additional empirical model that exploits the variation in pollution levels produced by dierences in altitude and wind patterns within areas that are located at the same distance from the renery. Since areas at a similar distance from the renery would experience similar labor market shocks related to the renery closure, the pollution eects that we nd within these areas are not susceptible to bias from a labor market mechanism. Using this triple-dierence approach, we nd a strong relationship between pollution levels and hours worked (similar in magnitude and signicance to the primary results). Therefore, we can rule out that the observed results are due to an independent eect of the renery closure on the labor market.
Second, changes in air quality may result in selective sorting. More specically, wealthier or more educated individuals may move into the newly clean neighborhoods and these individuals may be more likely to be employed or work long hours. This would cause us to overestimate the eect. To reduce the probability of bias in our estimates, we restrict our analysis to the ve years around the closure. In addition, we test for sorting using information on migration and demographic characteristics. We do not observe increased migration rates near the renery after the closure, nor do we observe dierences in demographic characteristics in these areas after the closure. The lack of change in migration and demographic characteristics increases our condence that the labor supply outcomes we observe are not driven by sorting.
Finally, we test for the heterogeneity of the treatment results. We nd suggestive evidence that parents with children under ve have a larger labor supply response to pollution. While we nd no evidence that blue and white collar workers respond dierently to changing pollution, most of our estimated eects appear driven by workers on a xed salary, who are likely to have the smallest opportunity cost of absenteeism.
Our ndings support the conclusion that the economic gains from increased worker attendance helped to oset the costs of the renery closure. Our preferred estimates imply that the renery 7 While less likely, one can also imagine cases where labor supply is downward sloping, which would cause our estimate to be upwardly biased. We discuss this further in Section 4.
closure led to about a 6-percent increase in hours worked for those who lived near the renery. Given an average annual wage of 13,700 1993 Mexican Pesos (USD 3,600), this translates to a 907 Peso (USD 237) gain in work over the course of a year.
8 This substantial increase demonstrates the importance of accounting for work eort gains when calculating the economic benets of tougher environmental regulation.
The paper proceeds as follows: Section 2 provides a conceptual framework for understanding how changes in pollution may aect work. Section 3 provides a background on the renery closure, discusses the data that we compiled for the study, and provides a brief overview of renery emissions on health. In Section 4, we describe our empirical strategy. We present our ndings in Section 5, and then discuss their policy implications in Section 6. Section 7 concludes.
Conceptual Framework
This paper seeks to document the importance of non-mortality costs of air pollution by providing a credible estimate of how pollution levels aect labor supply decisions. In this section, we outline a partial equilibrium model to explore the underlying mechanisms that drive the relationship between pollution and hours worked.
Labor Supply and Air Quality
We consider a partial equilibrium framework where individuals maximize utility with respect to consumption, c, and hours worked, e. We assume utility is given by u = u(c, e; α) and is separable in c and e. Note that e is a bad, so u e < 0, while u c > 0. We assume that the utility function is concave, i.e. that u cc < 0 and u ee < 0.
We model air quality, α, as an argument of the utility function that aects the marginal utility of both consumption and hours worked. We focus on the partial eects of air quality on hours worked, and therefore we assume that exposure to air quality is exogenous.
9 Specically, we hypothesize that 8 This number corresponds to the national average yearly earnings from the National Accounting System (SCN).
9 Relaxing this assumption would aect the observed results in the following manner: Suppose that there are two neighborhoods, and one of the neighborhoods experiences a permanent reduction in pollution. The area that experienced the air quality shock could attract individuals whose marginal utility for clean air is higher than the marginal utility of the previous residents of the aected area. The resulting observed change in hours worked depends on whether the newcomers have a high marginal disutility of work with respect to air quality or whether they have a high marginal value for consumption given a certain level of air quality. The newcomers could experience stronger better air quality increases a worker's health as well as the health of his or her dependents, making it less costly for the worker to devote time to work. In other words, better air quality lowers the disutility of work: u eα > 0.
10 The relationship between air quality and consumption is ambiguous.
For example, if improved air quality increased the utility derived from additional consumption (i.e. better air quality may improve the utility derived from amusement park visits or shopping outdoors), then consumption and air quality would be complements: u cα > 0. However, better air quality could also reduce the marginal utility derived from consumption (u cα < 0). This would be the case if, for example, asthma medication or gym memberships were substitutes for clean air.
We can rewrite the optimization problem faced by the individual using the indirect utility function: max v(e) = λ(α) · we − g(e; α) (1) where w is the wage rate at time t. Note that for tractability, we assume the individuals are wagetakers, and the wage is unaected by pollution; we discuss the implications of these assumptions in Section 2.2. The marginal utility of lifetime income along the optimal path is represented by λ(α); this term captures changes in the value of income stemming from individual reoptimization decisions on both consumption and hours worked. Finally, g(e; α) can be interpreted as the disutility of hours worked given a certain level of air quality:
g(e; α) = −ˆe 0 u e (x; α)dx (2) Note that the assumption u eα > 0 translates into g eα < 0. Similarly, the concavity assumption for the utility translates into a convexity assumption for g(e; α), since the marginal disutility of work changes in hours worked than the leavers if the strong preferences for air quality are predominantly linked to a reduction in the disutility of work. If newcomers have higher consumption value for air quality, but do not experience additional reductions in the disutility of work, the change in hours of work could be smaller for the newcomers. We revisit this issue in the empirical section, and test for the presence of dierential migration into the areas surrounding the renery after the closure.
10 You could also argue the opposite assumption, that better air quality produces a net increase in the disutility of work (u eα < 0). This may result, for example, if individuals who work in oces would rather be outside in a low pollution environment. This is unlikely to happen in our empirical framework since we measure the eect of pollution on the hours of work in the following week, and only contemporaneous air quality makes leisure more attractive. The model predictions under u eα < 0 are further discussed in Appendix 1. As we discuss in Section 5, our empirical results are largely consistent with the predictions yielded by u eα > 0.
increases with hours (g ee > 0).
Optimal work hours for a given level of air quality, α, are the solution to the rst order condition for (1): g e (e; α) = λ(α)w Given additive separability of hours of work and consumption, the change in hours worked as air quality increases is given by (see the Appendix for a formal derivation):
The change in hours of work with respect to pollution depends on the sign of the two terms in the numerator of (3). The rst term captures the substitution eect stemming from a reduction in the disutility of work. This term will be unambiguously positive since the disutility of work is decreasing in air quality.
The second term in the numerator of (3) can be interpreted as an income eect. On net, we expect this eect to be negative. Intuitively, this term incorporates several eects (see the Appendix for a formal derivation of ∂λ ∂α ). First, as income rises with more hours worked, we would expect the disutility of work to increase relative to the utility of consumption. Second, as air quality improves, the marginal utility of income (λ(α)) will change as a result of a new optimal level of consumption.
Better air quality may reduce the marginal utility gain from consumption if consumption is predominantly a substitute for air quality (individuals would work less, as consumption goods are less valuable with better air quality). If the income eect is large enough to dominate the substitution eect, the overall eect of pollution on work hours may even be negative.
It is important to note, however, that there are also cases where the income eect may be positive, thereby amplifying the substitution eect. If air quality is predominantly a complement of consumption, the marginal utility of income (λ(α)) could increase with improved air quality, thus increasing work hours (intuitively, individuals would work more in order to purchase consumption goods, as the value of the goods rises with improved air quality). A positive income eect would result in an unambiguous increase in hours worked.
In sum, the partial equilibrium model predicts that high air quality should result in an increase in hours worked, unless a negative income eect dominates.
11 Next, we relax the simplifying assumption above that pollution does not aect worker productivity, and explore how changes in productivity may aect hours worked.
Productivity eects
Worker productivity may improve as air quality improves. If wages reect the marginal productivity of hours worked, higher work productivity would result in higher wages. Assume wages depend on air quality, α, through the following function:
where f 1 (·, K) is the marginal productivity of labor eciency units for given capital K, and φ(α)
is the number of labor eciency units per hour of work. Assume further that air quality increases the productivity of hours worked, which yields ∂ ∂α φ(α) > 0.
12 For simplicity, assume homogeneity of degree one in the production function. Then, in equilibrium,
Higher wages will have two additional eects on labor supply besides the ones discussed above: a wage substitution eect and a wage income eect. The rst eect is unambiguously positive, while the second eect is unambiguously negative (see the Appendix for a mathematical expression and further discussion of these two eects). Unless labor supply is downward sloping (which implies a dominating income eect), the productivity eect will increase labor supply beyond what the 11 Note that, in a general equilibrium framework, aggregate labor supply may be mechanically aected as individuals supply more hours of work as air quality improves. This shift would lead to a new labor market equilibrium with lower wages and more aggregate hours of work. However, because the equilibrium wage would fall, the increase in hours of work would be smaller than in the case where wages did not change.
12 Crocker and Horst (1981) 14 Note that Pemex made up the dierence after the closure by importing gasoline. However, as Pemex was a public company, the increased cost of procuring gas was not passed on to customers. Given that the price of gas did not change, we would not have expected that the closure would have had an eect on driving behavior. 
20
In addition, as we discuss in the conceptual framework, adults may work fewer hours if their children are sick due to high levels of pollution. Children and infants are among the most susceptible to air pollution (including SO 2 ), as lung development continues throughout adolescence and a developing lung is particularly at risk from exposure to toxins ( However, SO 2 is one of the main pollutants generated by the reneries, and, as discussed above, is believed to have substantial impacts on respiratory health (see Section 2). It is important to note that SO 2 measurements are correlated with other pollutants and will thus proxy for renery-originated air pollution in our elasticity estimates. Therefore, in addition to looking at the eect of SO 2 on work outcomes, we will also present reduced-form estimates of the eects of the renery, which should provide a measure of the full policy eect of the renery closure.
Labor Market Data
We obtained labor market data from the National Employment Panel Survey of Mexico (ENEU).
ENEU is a moving quarterly panel in which each individual is surveyed for ve consecutive quarters and then exits the sample. We restrict the sample to individuals in the Mexico City Metropolitan Area, which includes two states (Distrito Federal and Estado de Mexico).
We focus on the 1989 to 1993 surveys, the years surrounding the renery closure.
23 Fifty-four percent of the sample is not in the labor force (Appendix Table 1 ). Many of these individuals are housewives, currently in school, or retired, and therefore their labor force participation would likely not be aected by week to week changes in pollution. As such, in the main specications, we restricted to those who are currently in labor force. However, we also tested empirically that pollution does not aect labor force participation decisions, and discuss these ndings in the results section.
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We focus on two key work variables. Our primary focus is on the number of hours worked in the week prior to the survey.
25 Individuals who were unemployed are assigned zero hours worked 23 Focusing on the years around the closure reduces the probability of selective migration. Moreover, the 1994 data are not fully comparable to the earlier years of data. First, randomly selected census blocks comprise the sampling units of the survey. The rotating nature of the panel demanded a new set of households was selected from within the census blocks every quarter; this was done until all households within each census block were exhausted. This happened for nearly all census blocks between 1993:Q4 and 1994:Q1. After that, new census blocks were selected.
Second, the survey questionnaire changed in 1994:Q2, compromising the comparability of key variables over time.
Finally, 1994 was marked by political unrest that culminated in one of the largest economic crises in Mexico.
in order to account for selection. We additionally consider the unemployment rate as an outcome for two reasons. First, as we discuss below, we would like to test whether the closure led to lower employment levels near the renery. Second, lower pollution may lead to health improvements, and thus a higher probability of nding employment in a given week.
It is important to note several key facts regarding the data. First, in each quarter, individuals are randomly assigned a week to be interviewed and most of the labor market questions refer to the week prior to that week. Therefore, we can precisely link the daily measures of pollution to these weekly employment measures. Second, the data contain information on the census block that the individual lives in (in Mexico, this is known as the basic geo-statistic area). This allows us to link each individual's residence to the closest pollution measurement station. The survey lacks data on the census block where the individual works. However, individuals presumably experience substantial morning exposure. As shown in Figure 2 , which plots SO 2 concentrations prior to the closure by hour of the day, SO 2 peaked between 6 and 11 in the morning.
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Third, the survey includes rich data on both demographics and work characteristics. This is important for two reasons. First, this allows us to test whether the closure induced selective migration.
Second, it allows us to test for the heterogeneity of the treatment eect by key characteristics, such as the physical nature of the job, the type of payment scheme, and the presence of young dependents.
Finally, the data also include information on the weekly wage. As we discuss in Section 4, we would like to understand if the estimated eect is being driven by changes in wages as a result of the closure. Note that there are several concerns with the wage data. First, missing data appeared to be entered as 0, with many individuals having 0 weekly wage despite having a xed salary and positive hours worked; these individuals were not included in the wage regressions. Second, for those who were currently unemployed, the questions ask for the worker's typical wage. Since we cannot know what time periods the individuals used to estimate their typical wage, we again did not include them in the wage regressions. Finally, the survey asked for the weekly wage, but did not ask for the specic wage schedule. This means that for workers with variable earnings, the wage per unit of work is unobservable. Thus, we consider the wages only for individuals who have a xed salary 26 We estimated the models in Tables 3 and 4 using SO 2 from 6 AM to 11AM rather than over the full day. The empirical results are similar in both sign, magnitude, and signicance.
in the wage regression. This restriction means that our wage measure will capture changes in wages due to individuals moving into and out of xed salary jobs (about 70 percent of the employed), but may miss changes in wages for laborers with variable weekly earnings.
Wind and Altitude Data
We will estimate models that exploit variation in the change in pollution from the closure that is generated from altitude and wind patterns. Data on the altitude of the census block centroid come from topology maps. Data on wind speed and wind direction, by station, were not collected for the period of our study. Therefore, we use the 10-year averages of wind speed and wind direction information from 1997 to 2006 for 10 of the air monitoring stations used in our study. Wind patterns are very persistent over time: the correlation of wind-speed across years for a particular week-of-theyear and location is around 0.8. Thus, the measures of wind speed and wind direction should be informative of the wind patterns during the period of study.
Matching the Labor and Pollution Data
To estimate the eect of pollution on labor supply, we matched the households in the ENEU survey with pollution readings. To do so, we linked the census blocks in the ENEU to GIS maps and obtained the latitude and longitude of the center of each block. There were 481 census blocks in the ENEU (see Appendix Table 1 ). However, the earliest available georeferenced maps correspond to census blocks in 2000, and census block identication numbers are only concorded back to 1995.
We obtained non-georeferenced maps for the 1990 census blocks from the Instituto Nacional de Estadística y Geografía (INEGI) and manually concorded the data. As shown in Appendix Table 1, we were able to ascertain the locations of 389 census blocks (or 81 percent of them).
27 However, as Columns 1 and 2 of Appendix Table 2 shows, the census blocks that we were unable to match to a location on the maps do not appear to be signicantly dierent than those that we were able to match.
Following Currie and Neidell (2005) , we created census block-specic measures of pollution using 27 There are two reasons why we could not fully concord the identication numbers of the census blocks across years. First, in some cases, the areas were very small and/or the maps were blurry and we could not fully read the identication numbers in the 1990 maps. Second, if a census block was split into two before 1990, we would be unable to locate the original on the 1990 map.
the inverse of the distance to the nearby stations as weights. There is a trade o between including areas that are far from a station where pollution estimates are imprecise and including more observations in the analysis. We only included census blocks that were within eight kilometers (or ve miles) of a station.
28 Therefore, 265 census blocks (or 55 percent of them) were included in the regression analysis (Appendix Table 1 ). Most of the census blocks that were near a station are located within Distrito Federal, which comprises the center part of the city and is also where the renery is located (190 out of 199 census blocks in Distrito Federal were within eight kilometers of a station). Only 75 out of 190 matched census blocks in Estado de Mexico (the outer areas of the city) were near a station and thus included. Areas in the inner part of the city are quite dierent than the outer areas, and thus, we expected that the census blocks located near at least one station would be dierent than those located farther away from the stations. As Appendix Table 2 conrms, the included areas have higher unemployment and lower hours worked than those that are not included, suggesting that the stations may be placed predominantly in poorer neighborhoods.
Empirical Strategy
Our objective is to estimate the elasticity of the number of hours (Y int ) that individual i worked at time t in census block n with respect to pollution at time t − 1, P in(t−1) , or the parameter β 1 in equation (6):
where u int , the error term, condenses all unobserved determinants of the hours worked. We focus on pollution levels from the week prior to the interview, as respiratory diseases may take several days 28 We tested whether the primary results are sensitive to this restriction. We rst estimated the main regressions with a shorter range (5km), in which we would have more precise pollution data, but a smaller sample size. Although the sample size falls, most of the main results on hours worked and unemployment stay the same sign, magnitude, and remain signicant. However, while the magnitude of the models that include the location-specic trend is similar (if anything, a bit larger in magnitude), we lose power due to the reduced sample size. We then estimated the main regressions where there is larger range (10km), when the pollution data are noisier but we have a larger sample size. In this case, more census blocks from Estado de Mexico are included. We were concerned that these neighborhoods would have dierential trends in employment characteristics than the main sample as they were experiencing high levels of growth during this time period. In this case, the basic xed eects model is of similar magnitude and sign for hours worked, but the estimate is no longer signicant at conventional levels. The model including census block-specic year trends (our preferred model) is of the same sign, slightly larger in magnitude and signicant at the 5 percent level.
We use this transformation because it is dened for Y int = 0, which allows us to be able to include 0 hours worked for those who are unemployed, while at the same time allowing us to intrepret the parameter β 1 as an elasticity.
30 This transformation is often favored to other log-like transformations, such as ln(1 + Y int ), because of its exibility and its ability to handle negative values (Pence, 2006).
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To consistently estimate β 1 , we require the following identication assumption to hold:
However, there are many reasons to believe that (7) does not hold. For example, both worker hours and pollution levels may vary with business cycles (Chay and Greenstone, 2003) . Thus, omitted income variables in u int could generate a spurious negative correlation between pollution and hours worked. On the other hand, the bias could be positive if, for example, wealthier households live in areas with low levels of pollution.
Instead, we take advantage of the plausibly exogenous variation in pollution from the renery closure. Specically, we estimate the following model using an instrumental variables approach:
29 The empirical evidence suggests a lag of up to a week: for example, Peel et al. (2005) study the lag structure between pollution levels and emergency visits and nd that the risk ratios for asthma were the strongest for lag of 5 to 8 days. The employment data only includes the weekly measure of work (and not daily measures), and therefore, we cannot include a separate lag per work day. Instead, we explore how pollution levels in the previous week aects employment outcomes this week. As an additional test, we also estimated a model that measures the elasticity for pollution in the concurrent week. We would expect this to have larger standard errors due to the structure of our data.
Suppose that there is a large pollution spike on Friday. We would not expect that this spike would aect hours worked on the earlier days in the week. However, since matching the data concurrently would mean that we are testing the eect of pollution over the full week on pollution on hours worked over that full week, it would appear in the data that there had been a pollution spike that had no eect on hours worked. This would dampen the eect of pollution on hours worked, leading to large standard errors. When we estimate this in the data, the observed eects are similar in magnitude, but do have higher standard errors. Results are available upon request.
31 It is worth noting that all our results are robust to using ln(1 + Y int ) as our dependent variable of interest instead.
where P ost (t−1) is an indicator variable for weeks after the renery closure, D in is the distance in kilometers between the census block n and the renery, α t−1 are week xed eects, δ n are censusblock xed eects, and ν int represents all unobserved determinants of labor supply. We instrument for pollution in Equation (9) with (P ost (t−1) × D in ). In this model, the estimate for β 1 is unbiased if, conditional on week and census block xed eects, there are no unobserved determinants of labor supply that change dierentially by distance after the closure.
Contrary to assumption (7) above, assumption (10) would hold if there are income shocks that aect both labor supply and pollution as long as these shocks are common to all areas in the MCMA.
In addition, assumption (10) is robust to permanent dierences in labor supply outcomes across dierent census blocks of the MCMA. The IV strategy also has a secondary benet: With relatively few pollution stations and given that we estimated pollution levels per census block, we would expect that measurement error would be a potentially important concern in this case. This would bias our estimates towards zero. Due to the fact that the measurement error in our instrument (error in distance between the subject and the renery) is arguably uncorrelated with the error in our main variable of interest (error in pollution concentration measurement), the IV strategy will address classical measurement error bias.
Since our instrument is an interaction between distance and timing, the identication assumption, (10) , relies on the fact that areas both close to and far from the renery have similar trends in labor supply. This may not be the case if, for example, areas on the outskirts of the city (far from the renery) are growing at a faster rate than areas closer to the center of the city (near the renery).
However, the panel structure of the data allows for additional controls that purge the eect of the renery closure of any bias associated with dierential neighborhood trends. The augmented model includes census block-specic linear year trends, λ n × T (t−1) , in both our rst stage and second stage equations:
In this model, the exclusion restriction would be violated if other events that aected labor supply occurred at the same time of the renery closure and also disproportionally aected workers that lived near the renery. This is unlikely, as we are condent that no other policies or economic events coincided with the exact timing and location of the renery closure.
The exclusion restriction may still, however, be violated if the renery closure itself impacted the labor market independently of the health channel. Moreover, the exclusion restriction could also be violated if dierential migration into the areas surrounding the renery occurred after it closed (i.e. sorting). We next discuss how these factors could theoretically aect the estimated elasticity of hours worked with respect to pollution levels and the additional specications that we will test for these factors.
Direct Eects on the Labor Market
We rst explore the sign and plausibility of a direct eect of the renery closure on observed labor supply outcomes. By causing the lay-o of renery sta, the closure could have mechanically lowered hours worked for the renery workers. Renery workers were often provided with housing in the neighborhoods surrounding the renery as part of their employment benets, and many of them remained living in the area after the renery closed (Bazán 1999) . Thus, the presence of renery workers in the neighborhoods around the renery would lead us to underestimate the relationship between pollution and labor supply that is due to health.
This downward bias would be large if the renery workers comprised a large share of the labor market. However, employment at the renery was not large relative to the overall labor market. The However, rigidity of real wages is unlikely to happen in a context of high ination (Fehr and Goette, 2005) , and the annual ination rate in Mexico in 1991 was 22 percent.
Existing data suggest that the labor market within Mexico City is quite integrated across neighbor-32 Total oil workers constitute less than 0.5 percent of our pre-closure sample (note that this includes anyone who worked in oil-connected industries and not just those who worked at the renery). Appendix Table 3 conrms that employment in the oil industry fell from 0.48 percent in 1989:Q1 to almost zero percent in 1993:Q4 within our sample.
The fall began prior to the closure, and the reduction of oil workers was concentrated near the renery (see Figure 3 ). hoods; and therefore, the demand shock from the renery was likely spread across a wide area. Data from the MCMA travel survey of 1994 reveal that, on average, individuals commute 57 kilometers to go to work, while the average census block in our sample is 0.36 square kilometers. Nevertheless, we conduct additional analysis to understand whether the closure had an eect on hours worked that is independent of the health channel.
First, we use our dierence-in-dierence design to directly test for localized wage eects as a consequence of the renery closure. This method will only provide suggestive evidence for two reasons. First, wages may also be capturing productivity changes. Second, even with no eects on wages, an increased threat of unemployment could lead to less absenteeism in the presence of wage rigidity.
Instead, we exploit additional within-neighborhood variation in pollution to isolate the health channel from other localized eects of the renery closure. More specically, we conduct a tripledierence approach using data on wind patterns and altitude. The intuition is as follows: Assume the closure had an eect on hours worked (and employment in general) that was independent of the health gains from reduced pollution levels, and that this eect also faded away as a function of the distance to the renery. Take the census blocks that lie between d and d+1 miles from the renery. The healthindependent eect of the renery closure on hours of work should have been nearly identical for all individuals inside this mile-wide ring. Now assume that the census blocks north of the renery have east-west fast winds, whereas the census blocks south of the renery have north-south mild winds.
For a small d, the renery closure would have had a larger eect on the pollution faced by those census blocks that lie south of the renery than on those that lie north of the renery (for a very large d, however, the renery closure should have no eect on pollution within the mile-wide ring). Therefore, the information on wind patterns interacts with the distance from the renery and the timing of the closure to produce variation in pollution levels that is independent from any other localized direct eects of the renery closure.
33 In addition, the interaction of altitude with distance and the timing of the renery closure may also provide exogenous variation in pollution: pollution concentrations vary at dierent levels from the ground due to thermal inversions and pollution exposure from wind 33 Schlenker and Walker (2010) use a similar methodology to generate variation in pollution in a given distance from an airport.
patterns.
In a regression framework, we estimate:
Specically, we instrument pollution in Equation 14 with (P ost (t−1) × D in × W in(t−1) ). The estimate of β 1 is unbiased if:
], and W in(t−1) includes wind speed, wind direction and altitude. Note that this model only exploits the variation in pollution due to wind patterns and topography within areas that are equidistant from the renery, while holding constant all the dierential changes in pollution that occur across close and distant areas, (P ost (t−1) × D in ). As such, this is a more restrictive model than the primary model that we estimate.
Selective Migration/Sorting
The closure may have altered the attractiveness of surrounding neighborhoods for individuals with strong preferences for air quality (or any other neighborhood attributes linked to the renery presence). If wealthier or healthier people moved closer to the renery after it closed, the estimates may simply be capturing the dierences in labor supply between the old and new residents of the renery neighborhood. 34 We address this issue in two ways. First, our estimates are based on a sample that spans the ve years around the closure to reduce the time frame for dierential sorting.
Second, we explore whether migration rates as well as time-xed demographics (such as gender, education and marital status) changed dierentially for workers who lived close to the renery.
34 For a sample in California, Coey (2003) shows that households with weaker health are located in areas with cleaner air, and ignoring this aect may cause one to underestimate infant mortality rates. Table 1 provides sample statistics for the full sample (Column 1), and the periods before (Column 2) and after (Column 3) the closure. We present the mean of each variable with the standard deviation in parenthesis below the mean, and the number of observations below that. Panel A provides information on SO 2 , while Panel B provides information on labor market outcomes. Panels C and D provide information on the characteristics that we explore in the heterogeneity results. 
Results

Sample Statistics and Basic Correlation
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On average, the labor market outcomes were fairly constant over the sample period (Panel B).
About four percent of those in the labor force were unemployed, with no change in the post-closure period. This is larger than Mexico's overall national unemployment rate of 2.7 percent in 1990.
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Individuals typically worked 38.07 hours per week, with slightly higher hours worked in the post period (38.27 as compared to 37.79 prior to the closure). Panels C and D provide data on the demographic and job characteristics, respectively. Thirty-six percent are female, 15 percent are above the age of 50, and 37 percent have at least one child who is under the age of 5. Eighty-three percent of workers who are employed have blue collar positions (Column 1); this gure remained constant over the sample period (Columns 2 and 3). Of those employed, 69 percent reported to be exclusively on a xed salary contract; the remaining 31 percent received at least part of their earnings in the form of incentive payments: the worker was paid by the hour, by the day, by the task, by commission, received tips, or a share of the prots (henceforth 35 Of course, this overall fall in pollution may have also been due to other policies, as the closure of the renery was part of a set of policies aimed at improving the air quality in the MCMA. However, all other policies had either no eects or a city-wide eect, and therefore, should not aect our xed eects strategy for measuring the impact of the renery closure. For instance, the Driving Restrictions program (Hoy No Circula program), which aected all vehicles in circulation, was introduced in 1989 (see Davis (2008) for an evaluation of this program). In 1990, Pemex introduced unleaded gasoline. Low SO 2 diesel and three-way catalytic converters were both introduced in 1993, but in both cases the introductions were gradual and their eects were not localized (Secretaría de Medio Ambiente, DF). this group will be referred to as variable earnings workers).
In Table 2 , we provide the correlation between pollution and the labor market outcomes. In Column 1, we present the coecient estimate of β 1 from Equation 6 , where the outcome variable of interest is the inverse hyperbolic sine (IHS) of hours worked and the dependent variable is the natural logarithm of the mean of SO 2 during the last week. In Column 2, we present this estimate, conditional on census block xed eects and week xed eects, while we additionally include demographic controls in Column 3. Columns 4 -6 replicate the analysis in Columns 1-3, but instead focuses on unemployment. Note that unemployment is divided by 100 for ease of interpretation (as it is a level-log model).
We observe a negative relationship between the labor market variables and pollution. A one percent increase in pollution is associated with a 0.01 percent fall in hours worked, but the coecient is insignicant (Column 1). Controlling for the xed characteristics of neighborhoods and weeks, a one percent increase in pollution is associated with a 0.028 percent fall in hours worked; this is signicant at the 10 percent level (Column 2). Including demographic variables does not signicantly alter the coecient estimate (Column 3). Pollution is also negatively associated with unemployment, but the coecient estimate cannot be distinguished from zero when census block and week xed eects are included (Columns 4 -6).
The inclusion of week and census block xed eects should help reduce the bias in the OLS estimate. Specically, the inclusion of week xed eects removes all time-varying shocks to work outcomes that are common to the entire city. This is important if we believe time-varying shocks (such as exchange rate uctuations, changes in domestic policies, etc.) have had large eects on both work outcomes and pollution. Census block xed eects absorb the unobserved heterogeneity in the determinants of labor outcomes that are common to a particular neighborhood in the city.
However, these estimates may still be biased for two reasons. First, these estimates would still be biased if there were shocks that aect a particular location at a particular time. For example, suppose there is a large factory in a neighborhood, and that due to increased work orders that week, the factory increases work hours. The longer work hours at the factory may also result in higher pollution levels. Alternatively, suppose that certain neighborhoods have increased trac due to road construction patterns that week; increased trac may increase pollution, but it might also reduce the hours that individuals have available for work. Second, the OLS estimates will almost surely be attenuated due to classical measurement error. With relatively few stations, and with estimated pollution measures per census block, we expect measurement error is an important concern in this case. This is particularly a problem in developing countries where stations are relatively sparse as compared to developed country settings. The xed eects approach will exacerbate the measurement error problem, biasing the estimated parameters towards zero. Our instrumental variables approach, to be discussed next, addresses these potential confounding eects, as well as classical measurement error in the pollution measures. Note that due to the high variance in pollution, the seasonal patterns, and the falling pollution trends for both groups, Figure 4 illustrates the need to use more precise distance information, control for seasonal eects, and also control for census block-specic trends to reduce the variance in the estimates.
First Stage Results
37
Therefore, in Table 3 , we formally estimate the eect of the renery closure on pollution in a regression framework. These results are interesting in their own right given the cost imposed by closing the renery, the success of the closure in reducing pollution levels is an important outcome to measure. The results are also important because they form the rst stage estimates of the subsequent 37 Note that pollution falls over time. This is due in part to other environmental regulations that occurred in this time period. However, this should not aect our estimates as the policies were city-wide and we are controlling for week xed eects. instrumental variables model. In Column 1, we present the estimate of θ 1 from Equation (8), where we replace the distance variable with a dummy variable for whether the census block is located within ve kilometers of the renery. While this does not take full advantage of the variation in distance, it provides a simple interpretation of the eect of the closure. In Column 2, we present the estimate of θ 1 from Equation (8) . Column 3 replicates the analysis in Column 2, but additionally includes demographic controls an indicator variable each for gender and age, a set of indicator variables for educational attainment, and a set of indicator variables for marital status. Finally, Column 4 reports on a specication that additionally controls for year trends in each census block (Equation 11). Note that all specications include both week and census block xed eects and are clustered by census block.
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The renery closure substantially reduced pollution. As shown in Column 1, after the renery closed, areas located within ve kilometers of the renery experienced a 8.28 percent decrease in mean SO 2 (signicant at the one percent level). We observe relatively higher SO 2 within a census block after the closure for those located farther away (Column 2). The estimated eect is not driven by standard demographic characteristics (Column 3) nor by neighborhood-specic trends (Column 4).
For example, controlling for census block-specic year trends, the magnitude of the eect increases from 0.67 percent to 0.96 percent increase in relative pollution per kilometer and the estimate remains signicant at the one percent level (Column 4).
Policy Impact Evaluation (Reduced Form Estimation)
We begin by estimating the reduced form impact of the closure on work decisions. This is important because it allows us to easily interpret the benets of the closure, which also imposed signicant economic costs in the form of lost prots and wages. We estimate the direct eect of the policy on labor supply, with (Equation 16 ) and without (Equation 15) census block-specic year trends:
38 Since our identication strategy relies on geographic location of the census blocks and our right hand side variable of interest was constructed by weighting pollution from nearby stations, we also estimated all rst stage and reduced form specications using the GMM estimator in Conley (1999) that allows for census blocks to be correlated as a general function of distance. We used the version of this estimator adapted to panel data by Hsiang (2010) . The results are nearly unchanged using this method.
IHS(Y
We present these results in Panel A of Table 4 . In Columns 1 -4, the outcome variable of interest is IHS(hours worked). The number of hours worked is zero for those who are unemployed, and thus this measure captures both the intensive and extensive margins of work. In Column 1, we present the estimate of π 1 from Equation (15) As shown in Column 4, the eect is larger in magnitude when controlling for census block-specic year trends, but it is not signicantly dierent from the earlier estimates.
After the renery closed, the unemployment rate fell by about 1 percentage point in the area surrounding the renery (Column 5).
39 This has two important implications, as we discussed in Section 4. First, the renery closure may have generated a negative demand shock. In this case, if labor supply is upward-sloping, we would expect a spurious negative correlation between unemployment and distance, which would cause us to underestimate the eect of pollution on hours worked. Second, 39 Note that we have restricted to those who are currently in the labor force. We would not expect that the closure to aect the decision of those who are not in the labor force. Nonetheless, we tested for this empirically. We nd less labor force participation for those near the renery after it closed, but the magnitude of the eect is small and insignicant. have short term contracts (i.e. by the day or by the hour) and, if they become ill due to respiratory disease, it is possible that they do not nd work the following week and are counted as unemployed.
The estimated eects are positive and thus more consistent with the latter story. However, it is important to note that when we control for census block-specic trends in unemployment (our preferred specication), the reduced form estimate is not statistically signicant (Column 8).
Estimated Eects of Pollution on Labor Outcomes
Panel B of Table 4 presents the IV estimates of the elasticity of hours worked with respect to SO 2 . Specically, we present coecient estimates of β 1 from Equation (9) . In the rst four columns, IHS(hours worked) is the outcome of interest. The rst stage estimates for each of these columns correspond to those presented in Table 3 . In Columns 5 8, we replicate the analysis in Columns 1 4, but we now have an indicator variable for being unemployed as the outcome variable.
40 For these models, unemployment is divided by 100 for ease of interpretation. All specications include both week and census block xed eects and are clustered at the census block level.
Higher SO 2 leads to reduced hours worked in the following week (Panel B, Columns 1-4). Using (P ost (t−1) ×D in ) as the instrument for the IHS of SO 2 (Column 2), a one percent increase in SO 2 leads to a 0.57 percent fall in hours worked (signicant at the 5 percent level). The coecient estimates are similar in magnitude and signicance when controlling for demographic characteristics (Column 3). The estimated eect is not due to dierential trends: controlling for census block-specic yearly trends, a one percent increase in SO 2 results in a 0.72 percent fall in hours worked (Column 4).
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We next explore the eect of pollution on unemployment. In the basic xed eects model using distance as an instrument (Column 6, Panel B of Table 4), we observe that a one percent increase 40 Despite an indicator variable as the outcome variable, we present the estimates of a linear probability model.
Given the xed eects approach, a logit or probit model is subject to an incidental parameter problem, especially when trends are included. Nonetheless, we estimated the two-stage probit model for Equation 9 (equivalent to Table   4 , Panel B, Column 6). The coecient remains positive and signicant.
41 Due to the nature of the rotating panel, only about 10 percent of our sample is present both before and after the renery closure. As such, we lack statistical power to include individual xed eects. We also experimented with further restricting the sample to the period to a narrower period around the renery closure, but again run into problems with statistical power. If we restrict only to the years 1990 and 1991 (only 56, 137 observations), the eects are negative (-0.36) and marginally signicant (p=0.10) using post times the distance variables as the instrument (this compares to -0.48 in Table 4 , Panel B, Column 2). If we restrict further to only those present before and after the closure (only 13, 145 observations), the estimated eect is negative, but cannot be distinguished from zero. in mean SO 2 leads to a 0.10 percent increase in unemployment (signicant at the 5 percent level).
Controlling for census block-specic year trends, the eect size falls to 0.07 percent and is no longer signicant at conventional levels (Column 8). Thus, while we observe a substantial eect of pollution on hours worked per week, we observe only a small increase or no eect on overall unemployment levels.
In sum, we nd a large, signicant relationship between SO 2 and work hours. 42 As we discussed earlier, it is important to keep in mind that some of this eect may be driven by changes in other pollutants that could have also fallen as a result of the closure. Unfortunately, as is the case in many developing countries, the data do not exist for us to evaluate the eect of the other pollutants.
As outlined in Section 4, the closure itself could mechanically lower hours of work in the short-run (through lay-os of renery workers). While the renery itself did not comprise a large share of the labor market surrounding the renery, it may also have had eects on local businesses. If labor markets are localized by neighborhood (i.e. individuals work in the same neighborhoods that they live), the resulting change in labor demand would likely result in an underestimate of the estimated elasticity. While the existing qualitative evidence (discussed in Section 4) suggests that the labor market in Mexico City is fairly integrated, we formally test for this eect in two ways.
We rst estimate the reduced form eect of the renery closure on wages ( Table 5). The table   format is similar to Table 3 . All models are estimated using OLS, with standard errors clustered at the census block level. Across all four specications, we cannot reject that the eect of the renery on the log of wages is dierent from zero. In addition, the magnitudes of the estimated coecients are very small across all four models. However, given that the theoretically predicted change in wages is ambiguous (the demand shock could have lowered equilibrium wages, but the productivity shock could have raised them), this test in itself does not fully rule out the direct eect of the closure on the labor market.
Instead, we exploit additional within-neighborhood variation in pollution to isolate the health channel from other localized eects of the renery closure. As explained in Section 4, we use infor-42 Note that the eect size is consistent with the range of eect sizes of smoking on absenteeism: Leigh (1995) observed a 40 minute to 3 hour increase in work hours for non-smokers, while we observe a 2 two hour total eect of the closure of those who live within the vicinity of the renery. Van Ours (2004) also nds large productivity eects for smokers, with a 10 percent reduction in wage for male smokers. mation on wind patterns and altitude to conduct a triple-dierence approach. The IV strategy used in these specications requires substantial variation in the altitude and wind measurements within groups of census blocks that are located at a similar distance to the renery. Altitude has moderate variation close to the renery: the mean altitude is 2,256 m and the standard deviation is 15 m across census blocks within 5 km of the renery, while the standard deviation is 63 m across census blocks that are further than 5 km. Wind patterns have considerably greater variation across census blocks and across weeks. The average wind direction in degrees is 60 with a standard deviation of 40 degrees in census blocks close to the renery and 43 degrees in census blocks further than 5 km to the renery, where 0 degrees corresponds to a position directly upwind from the renery and a maximum of 180 degrees corresponds to a position directly downwind. Similarly, the standard deviation for wind speed is between 10 and 50 percent of the mean.
The results of this strategy are presented in Table 6 . Panel A reports the estimated coecient vector θ 1 from Equation (13), along with F-tests for joint signicance when multiple instruments are used. Panels B -D present the IV estimates of β 1 for the inverse hyperbolic sine of hours worked, unemployment, and wages respectively (Equation 14). Column 1 reports on specications that include both week and census block xed eects, Column 2 reports on specications that add demographic controls, and Column 3 reports on specications that add census block specic year trends.
Panel A of Table 6 conrms that wind patterns provide additional variation in the change in pollution exposure that is generated from the renery closure. In particular, after the closure, individuals that live downwind from the renery and farther away from it experience relatively higher levels of pollution than individuals that live downwind and closer to the renery (there is a a positive and signicant coecient on the triple interaction of Post, Distance and Wind Direction). Wind speed and elevation do not seem to have a dierential impact on pollution for individuals that live far away from the renery.
Despite having fewer observations because of missing wind information for ve of our monitoring stations (which forces us to drop 25 of the 265 census blocks), the IV results on hours of work from Columns 1 and 2 (Panel B) are remarkably similar to the results from the simple dierence-in-dierence model that is presented in Column 2 and 3 of Table 4 . Given the restrictiveness of this model, we check whether weak instruments might be a source of concern. The models in Columns 1 and 2 perform well under a weak instruments test (the Kleibergen-Paap weak instrument F statistic is above the most stringent Stock-Yogo critical value,or have a maximum of 10% of the OLS bias). Note that when we try to introduce census block-specic year trends, the coecient falls both in magnitude and signicance (Column 3), which is not surprising given the weak instrument test results.
The IV results on unemployment rates (Panel C) follow a similar pattern to the dierence-indierence approach. Once again, there is no eect on wages for any of the specications we consider (Panel D).
In summary, our results are robust to what we believe is a fairly strict test of endogeneity. This is all the more remarkable giving that this model gives up substantial variation in the instruments (i.e. the main eect of the closure) used compared to the model dened by Equations (11) and (12) .
As such, these ndings indicate that the estimated elasticities do not appear to be driven by local labor demand shocks from the closure.
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The renery closure may have induced dierential migration into the areas that saw the sharpest reductions in pollution. For example, wealthier or more educated individuals may have chosen to move into the newly clean neighborhoods. The fact that our estimates are robust to the inclusion of demographic controls is at least suggestive that selection is not an important source of bias in our estimates. Nonetheless, we test for selection bias in two ways.
First, we test whether migration rates changed dierentially by distance after the closure. Figure   5 graphs out the propensity to migrate by quarter-year for households that live within 5 kilometers of the renery versus those who live farther away. The migration rate is low: only 3.5 percent of households migrated during the 5 quarter period they remained in our sample. The rates are fairly 43 The fall in pollution could have also changed the economic climate in other ways. For example, given the lower air pollution levels due to the closure, individuals may spend more time outside going to restaurants, shopping, etc. As such, there may be an increase in service/retail oriented industries relative to other types of businesses. This would bias our estimated elasticity upward. Therefore, we tested whether hours worked increased in retail and service industries relative to other types of industries. There is no signicant dierential eect across retail versus non-retail workers, and the magnitude of the interaction is small. This specication passes a weak instruments test, so it is unlikely that nding is biased due to weak instruments. constant before and after the closure for both groups (the rates are more volatile for those closer to the renery, but this may be due to the smaller sample size of this group). In Table 7 , we more formally test whether migration is correlated with the instrument. To do so, we organize the data at the level of a household-quarter-year. We then create an indicator variable that equals 1 if the household was replaced in the survey in that quarter-year due to migration, and zero otherwise. We then estimate the reduced form equation of the closure on migration (controlling for week and census block xed eects). The results are presented in Column 1 of Panel A of Table 7 . The coecient estimate is small in magnitude and not signicantly dierent from zero. Including census block specic-year trends (Column 1 of Panel B) does not change the estimates.
Second, we test whether key demographic characteristics dierentially change after the closure.
We consider gender, age, marital status and education level. The results are presented in Columns 2-6 of Panel A of Table 7 . Of the ve variables considered, only one is signicant at the 10 percent level: after the renery closed, individuals were relatively less likely to be married the farther they lived from the renery. We conducted a joint test of the instrument across all ve variables, and we fail to reject the null hypothesis that the instrument had no eect on any of the variables (p=0.27) cannot be rejected. Controlling for census block specic year trends (Panel B), none of the variables are signicant at conventional levels and the joint test fails to reject the null hypothesis that there is no eect (p=0.77). Taken together, this evidence suggests that dierential migration is not driving the estimated elasticities. 44 
Heterogeneous Treatment Eects
The extent to which workers miss work due to high pollution levels may vary by demographics and job types. In Table 8 , we test for heterogeneous treatment eects. All specications are estimated using a two-stage least squares model, have standard errors clustered at the census block, and include census block xed eects, week xed eects, census block specic year trends, and demographic 44 We also estimated the specications in Table 4 restricting the sample to those families that do not move during the 5 quarter period that they remain in our sample. The results are virtually identical to those in Table 4 and are available upon request.
controls.
The elasticity may dier for men and women, especially if a household has children. For example, women may be more likely to stay home if a young child is sick, and thus lower pollution levels could lead to increased hours worked if the children are healthier. Therefore, we test whether men and women exhibit dierent elasticities (Column 1 of Table 8 ), whether having a young child in the household increases the eect of pollution on hours worked (Column 2), and whether the eect of having a young child diers for men and women (Column 3). Note that we now have multiple endogenous variables. For example, in Column 1, we have two endogenous variablesI HS P in(t−1) and IHS P in(t−1) × F emale int . As such, we create two instruments: the original instrument (P ost (t−1) × D in ) and its interaction with an indicator for female ((P ost
This strategy results in a weak instrument problem, therefore the results should be considered only suggestive.
We nd suggestive evidence that high pollution levels reduce hours worked at least in part through their eect on the health of worker's children. Women have a smaller reaction to SO 2 than men (Column 1), but this eect is not signicant at conventional levels. The elasticity is stronger for individuals with children under ve (Column 2), but this is not signicant at conventional levels. We nd that having a child under 5 increases absolute value of the estimated elasticity (signicant at the 10 percent value), but we cannot reject the null that the estimated eect is the same for males with young children and females with young children (Column 3).
In addition, we may expect that pollution dierentially aects the health of older workers. We test whether the elasticity is larger (in absolute value terms) for workers over the age of 50 (Column 4). While the elasticity is larger for older workers, it is not statistically signicant.
Employment and Contract Type
Next, we explore the eect of being in a blue collar position and having a xed salary contract on hours worked. The theory on the eect of both of these characteristics on the elasticity of hours worked with respect to pollution is ambiguous. Blue collar jobs may be more physical than white collar jobs, making it harder to work when sick. On the other hand, blue collar workers tend to be lower paid and perhaps have less power in work relationships, making it hard to take days o.
Similarly, xed salary workers may be more likely to receive the same pay whether or not they attend work, while variable earnings workers will have reduced earnings if they stay home when sick.
However, individuals with variable earnings contracts are often paid by the day or by the task. If their productivity is low due to illness, their potential wage per day may be quite low, and low enough that it would not be worth it for them to attend work.
In Column 5 of Table 8 , we test whether the elasticity diers for blue collar and white collar workers. In Column 6, we test whether there is a dierence in the elasticity for xed salary workers versus those with variable earnings. Note that we only have data on industry and contract type for those who are employed that week. We observe no dierence in the elasticities for white and blue collar workers (Column 5), although these results are also subject to a weak instrument problem. On the other hand, much of the eect of SO 2 on hours worked is driven by xed salary workers (Column 6). 45 
Discussion
The ndings in this paper have substantial implications for understanding both the optimal design and welfare implications of environmental policy. In the environmental literature, one often measures the welfare implications of pollution changes by calculating the changes in housing prices and rental values that result from environmental regulation. For developing countries, this is often not feasible. First, there typically is limited available data on housing prices and rents. Second, 45 Of course, this estimate may be biased upward as we only know the contract type for those who are employed. In the extreme case, some variable earnings workers may choose to take an entire week o when sick, and therefore would be classied as unemployed. In this case, we would underestimate the eect for those on incentive based contracts. To test for this possibility, we conducted a simple bounding exercise. Specically, we estimated the eects of demographic characteristics and location within the city on contract status for those who were employed, and then predicted contract status for those who were unemployed. We then re-ran the regression including the predicted contract status for those who were unemployed. The results remained the same, suggesting that those on incentive-based contracts were not taking a full week o when sick. These result are available from the authors upon request. and more importantly, housing markets in Mexico and other developing countries are distorted by regulations such as rental freezes, subsidized mortgages for low-income housing, rental restrictions attached to subsidized mortgages, etc. These regulations distort housing decisions by restricting mobility and therefore interfere with the capitalization of environmental amenities in house prices.
The eect on labor markets thus provides an alternative measure for starting to understand the welfare eects of environmental programs in developing countries, as individuals are more able to more freely adjust work hours in response to pollution changes.
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Outside of the welfare implications of our ndings, another reason that understanding whether air pollution aects labor supplyand, if so, the magnitude of the eectlies in the public nance literature.
47 Pollution taxes are appealing relative to other forms of environmental regulation because the revenue they generate can be used to lower other distortionary taxes. However, theoretical literature on this area has made the argument that pollution taxes are likely to result in lower labor supply (as a result of direct regulation or through substitution eects on leisure as the price of regulated goods goes up). This general equilibrium eect, known as the interaction eect, implies that the optimal tax on pollution might be lower than the marginal damage of pollution and that other distortionary taxes may be necessary to maintain a balanced budget (Parry, 1995; Goulder and Bovenberg, 1997) . Importantly, most of the early papers in this literature implicitly assume that air quality does not aect labor supply through health. Recent theoretical work shows that the interaction eect is mitigated when air quality independently increases labor supply (Schwartz and Repetto, 2000; Williams, 2003) . Therefore, the fact that we observe a large and positive eect of pollution on labor supply implies that the optimal tax on pollution is therefore closer to (and potentially above) the marginal damage of air pollution.
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46 Of course, it is important to note that the dollar value of hours worked is not by any means a complete measure of the overall welfare eect of better air quality. As discussed in Section 2, individuals may gain other benets from improved air quality. First, workers may value consumption more when they and their families experience better health. Second, their expenditures on some goods (like gym memberships and medicines) may go down, releasing income for consumption of other goods. Finally, they may simply enjoy cleaner air and good health. However, our estimates that these losses may have been balanced by substantial benets in the form of labor income. Suppose we assume that all gains were concentrated in the 5 kilometers near the renery. Then, our estimates imply that the renery closure lead to about a 6-percent increase in hours worked for those who lived near the renery. Given an average annual wage of 13,700 1993 Mexican Pesos (USD 3,600), there was a 907 Peso (or USD 237) per worker gain over the course of a year.
Note that we are unable to estimate whether these gains accrued to the workers or to their employers. If the renery closure led to fewer sick days for xed salary employees, and these employees enjoyed paid sick leaves, the benets would have been accrued to the employer. However, if employees had a limited number of paid sick days or were able to cash out unused sick days, employees would have shared in the benets of increased work ability. At the time of the closure, the work regulations in place did not specically stipulate that employers were responsible for providing paid sick days to their employees, although some may have chosen to do so. The formally employed did enjoy an extended sick absence benet paid through Social Security (IMSS), receiving 60 percent of forgone salary starting on the fourth day of an absence due to a documented illness. Thus, the nancial benets from reduced absences due to poor air quality were likely split between employers, employees, 2001). Moreover, the ndings suggest pathways for future research. First, they raise questions about the distribution of gains. In the context of Mexico City, labor regulations were such that the gains from lower air pollution were likely split between workers, employers and the social security system. More generally, it would be interesting to explore how labor regulations aect the propensity to miss work due to pollution-related illness, and how this then aects the distribution of benets. Second, while the empirical model documents a substantial short-run eect of changes in pollution on labor market outcomes, there may be larger long-run impacts if there are cumulative eects of pollution on health or if wages change in response to pollution. Future research, thus, should address longer-run outcomes on employment capabilities and changes in work productivity and wages.
1989-1993
Pre-Closure Post-Closure (1) Notes: This table provides means for the key variables in the regression analysis, as well as standard deviations (in parenthesis) and number of non-missing observations listed below each mean. Column 1 provides the sample statistics for the full sample, while Columns 2 and 3 provide sample statistics for the pre-and post-closure periods, respectively. Pollution data comes from the Sistema de Monitoreo Atmosferico de la Ciudad de Mexico (www.sma.df.gob.mx). Labor outcomes, job characteristics, and demographic data were obtained from the National Survey of Urban Employment (ENEU) conducted by the Instituto Nacional de Estadistica y Geografia (INEGI). For those who are unemployed, hours worked in the last week is defined as zero. Wage is defined as the weekly wage in pesos for salaried employees. Notes: This table provides the coefficient estimates of the changes of the refinery closure on a dummy for migration and several key demographic characteristics. In Column 1, an observation is defined at the level of the household-quarter-year, and the outcome variable is an indicator for whether the household moved in that quarter, zero otherwise. In Columns 2-6, an observation is defined at the level of individual-quarter-year. Married is an indicator variable for being married or cohabitating with someone. Low education is defined as having completed at most junior high school level formal schooling. High education is defined as having had some university or higher formal schooling. The p-value for the joint test of the treatment on all demographic characteristics in Columns 2-6 is provided in Column 6. The estimates in Panel A are conditional on week and census block fixed effects; the estimates in Panel B are additionally conditional on census block-specific year-trends. All regressions are estimated using OLS. Standard errors are clustered at the census block level, and are reported in parentheses. Statistical significance is denoted by: *** p<0.01, ** p<0.05, * p<0.10. Notes: An AGEB is a census block The blue colored census blocks were included in the analysis Notes: An AGEB is a census block. The blue colored census blocks were included in the analysis. Close was defined as the centroid of the respective census block being within 5km of the refinery, and far was correspondingly more than 5km from the refinery. Observations are at the quarter level, starting at Q1 1989. Employment in the oil industry was defined as all workers whose job coding corresponded to the oil 1989. Employment in the oil industry was defined as all workers whose job coding corresponded to the oil industry except for extraction industry, except for extraction. 
